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ABSTRACT

Introduction: There is no uniformity in published works regarding the presence of sexual dimorphism in the
morphology of the Corpus Callosum (CC), specifically splenium.

Objective: The present study was conducted on formalin fixed preserved brains to get comprehensive data
regarding gender related differences of CC.

Materials and Methods: 50 formalin fixed human brains without apparent neuropathology were cut in the
midsagittal plane. The various morphometric features of CC were measured and recorded on these midsagittal
sections.

The diameters measured were: (i) length of CC (AB), (ii) Width of body of CC at mid point (WBM), (iii) Maximum
width of genu (AE), (iv) Maximum width of splenium (BD).

Results: Mean values of two parameters (AB and AE) were greater in male than in female. However, 2 parameters
(WMB and BD) had greater value in female than male. Only two parameters (AB and BD) showed statistically
significant (p value < 0.05) gender differences.

Conclusion: significant sexual dimorphism was observed in the longitudinal length of the CC, including morphology
of the splenium. However, these gender related differences are more likely due to individual differences regardless
of sex.
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INTRODUCTION anterior end is called the genu or “knee”, the

central part is the trunk, and the posterior bul-
The CCis the main fiber tract located in the floor bus part forms the splenium. The fourth part is
of the longitudinal fissure of the mammalian the rostrum, which is the prolongation from the
brain connecting the two cerebral hemispheres genu to the upper end of lamina terminalis [2-
[1]. It consists of four anatomical parts. Its 4]. The CC is undoubtedly the most important
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commissure to connect the two hemispheres due
to the wealth of its neural connections. Much of
the inter-hemispheric communication in the
brain is conducted across the CC[5]. In humans,
disputed claims have been made about the gen-
der difference in the morphometry of the CC.
Sexual dimorphismin CC might be due to greater
bi hemispherical representation of cognitive
functions in females. This might not simply be
due to sex related differences in brain size and
may reflect difference in connectivity necessi-
tated by differences in brain size [6]. On the
other hand, there are many reports where no
sex related differences in the size and various
other measurements of CC have been reported
[5, 7, 8]. Most of the research on CC has been
performed on Caucasian brains while very few
on Asian population [9]. There are very few
studies of CC in the Indian population [10, 11].
Moreover greater numbers of studies are
carried out on MRI scans.

The present study was conducted using forma-
lin fixed preserved brains to get comprehensive
dataregarding gender related differences of CC
in normal adult population in northern region of
India.

MATERIALS AND METHODS

50 mid-sagittal sections (38 male and 12 female)
from formalin fixed brain specimens were used
in this study. Subjects were aged between 45 to
65 years with mean value of age was 55.84+7.74
years. Cadavers with any history of intracranial
lesions, head injury, recorded brain pathology
and visible brain abnormalities were excluded
from the study. For this purpose, the whole brains
were removed from the cranial cavity and
preserved in 10% formol solutions for 4 weeks.
Thereafter brains were dissected along the
midsagittal line considering it as an anatomical
landmark. With the help of brain knife, the brains
were carefully sectioned in the midsagittal plane
passing from the body of CC, the hemispheric
fissure, the septum pellucidum, cavity of third
ventricle and cerebral aqueduct [Figure 1].

The diameters measured were: (i) length of CC
(AB): straight distance from anterior most point
to posterior most point of CC, (ii) Width of body
of CC at mid point(WMB): Width of CC was
measured at the midpoint, which was taken at
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the center of the CClength, (iii) Maximum width
of genu (AE): straight length of genu at the level
of anterior most point of CC, (iv) Maximum width
of splenium (BD): taken as shown in fig.2, with
starting point at posterior most point of CC.

For study purposes, CC was divided into seven
segments as proposed in Witelson’s topology
[7]. According to this straight-line-based topol-
ogy, CC consists of seven segments named from
the anterior to posterior, as rostrum, genu,
rostral body, anterior midbody, posterior
midbody, isthmus and splenium [12]. In our study
out of these seven segments, two were taken
into account as fibres passing through these
segments interconnect important functional
cortical areas of two hemispheres: genu (the
anterior third of AB) contains fibers connecting
prefrontal cortices and the posterior third, which
is divided into the posterior fifth or splenium
(AB/5) contains occipital visual fibers

Fig. 1: Midsagittal view of corpus callosum (CC) in a
cadaveric brain.

Fig. 2: Showing various morphometric features of CC
measured on midsagittal sections of brain.

Length of CC (AB), Width of body of CC at mid point (WBM),
maximum width of genu (AE), Maximum width of
splenium (BD)

All the measurements were taken using digital
vernier calipers (Mitutoyo, Japan) with least
count of 0.0lmm. The measurements were
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repeated three times and the mean was taken
as final for further analysis. Results were
expressed as mean + SD.

Data were analyzed using the Microsoft Excel
software for windows 10. A comparison of the
mean values between sides and genders was
performed using the t-test. P value < 0.05 was
considered statistically significant.

RESULTS

The values of the various CC parameters were
measured individually in each specimen and the
data were expressed as mean % standard
deviation. Statistical analysis of the different CC
parameters was done to compare sexual dimor-
phism using unpaired student‘t’ test. The
comparison of the mean values of various CC
parameters between the two sex and the
corresponding p values are tabulated in Table
1. Mean values of two parameters (AB and AE)
were greater in male than in female. However,
2 parameters (WMB and BD) had greater value
in female than male. Only two parameters
(AB and BD) showed statistically significant
(p value < 0.05) gender differences.

Table 1: The comparison of the mean values of various
CC parameters between the two sexes (all the
measurements were taken in centimeters).

Male Female
Range S.D
5075 | 0.583 | 0.001

Parameter P Value

Mean | Range S.D | Mean

6.10-8.12 | 0.524 | 6.44

AB (longitudinal length of CC) | 7.06
WMB (Width of body of CC at
|mid point)

043 | 038052 | 0.08 | 052 |043-0.62 | 0.12 | 1.643

AE (Maximum width of genu) | 131 | 1.23-146 | 022 | 1.27 | 118132 | 0.23 | 1.812

BD (Maximum width of

. 118 | 118135 017 | 143
splenium)

143-147 | 015 | 0.003

DISCUSSION

Morphology of CC and its relation to sex have
been studied by many researchers but still
remains a matter of debate. Most of the litera-
tures available on sexual dimorphism of CC, have
been carried out on MRI scans and relatively few
studies are based on formalin-fixed cadaveric
brain specimens.

Review of literatures showed that sexual dimor-
phism has been reported in different parts of
CC but there is no consistent parameter that is
constant in all studies [13]. Witelson [7]
studied CC in detail and concluded that the
absolute area of total CC and its various parts
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such as genu and anterior mid-body were
greater in male than in female. On the other
hand, isthmus was significantly larger in
females. Gupta et al [13] studied the morphol-
ogy of CC both on preserved brain specimens
and MRI scans. They found most of the CC
parameters to be similar in both sexes in both
the autopsy and the MRI group. The only CC
parameters which showed sexual dimorphism
were (a) larger CC length in males in the MRI
group, (b) the distance between the splenium
and superior colliculus was more in males in
preserved brains and (c) The distance between
the genu and the fornix was more in older males
than older females. According to them this
significantly larger CC length in males as
compared to females in the MRI group is
possibly related to larger brain size in males.
Suganthy et al [11] and Elster et al [14] also
reported longer CC in males than in females.

Takeda et al [15] reported no sexual difference
in the measurements of CCin Japanese subjects.

In the present study two CC parameters were
found to be greater in male than in female but
two parameters (WMB and BD) showed reverse
trend. However, only two parameters (AB and
BD) showed presence of statistically significant
sexual dimorphism.

The splenium has received more attention than
any other part of CC in almost all studies on
sexual dimorphism. Some studies have reported
greater splenial width and area in females
[16, 17].

Bishop and Wahlstein [5] carried out 19 inde-
pendent studies of human CC and concluded
that there is insufficient evidence to support the
presence of sexual dimorphism in the splenium,
although overall size of the brain differs in the
two sexes.

Luders et al [8] found difference between the
splenial size of male and female, however they
suggested that effect of individual variations in
callosal size was large enough to out range any
effect of splenial size differences. In some stud-
ies males tended to have larger splenial area
although the difference never reached statisti-
cal significance.

Witelson [7] also did not report any sex related
differences in splenial areas, either in absolute
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size or size proportional to brain weight.

In the present study, the length of splenium (AB/
5) was found to be higher in male while and its
maximum width (BD) was higher in female. In
both cases the difference was statistically
significant. This was not in agreement with most
of the literature [10, 11, 15].

Several studies have found significant sex
differences in the length, shape and area of the
CC of males and females; with females having
relatively larger splenium [18, 19]. Sexual
dimorphism in CC might be due to greater bi
hemispherical representation of cognitive
functions in females. This might not simply be
due to sex related differences in brain size and
may reflect difference in connectivity necessi-
tated by differences in brain size [7].

From clinical standpoint of view, it is often
argued that gender differences in human brain
morphology may have an impact on cognitive
gender differences and may be related to the
observed sex differences in age of onset, preva-
lence, and symptomatology seen in nearly all
neuropsychiatric disorders of childhood. Various
methods such as cadaveric studies and
magnetic resonance imaging (MRI) of brain have
been used to study the morphology and anatomi-
cal dimensions of the CC.

Recent studies using new techniques revealed
morphological sex differences in human CC.
These structural changes could be the basis of
gender related changes in certain cognitive func-
tions of the brain. Whether and to what extent,
these morphological differences are associated
with behavioural and cognitive differences
between men and women remains unclear.

CC being the major structural connection
between the hemispheres is likely to be affected
by physiological as well as pathological changes
in the cortical and sub-cortical regions of the
brain. The precise anatomical knowledge regard-
ing the morphology of CC as well as the gender
related changes of the structure in a certain
ethnic population will provide baseline data for
the diagnosis and assessment of progression of
a disease affecting it.
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